Abstract-Organic matter contained in particulate matter in Lake Michigan waters and sediments has been characterized by C/N ratios and by distributions of biomarker fatty acids, alkanols, sterols, and ahphatic hydrocarbons. Differences in organic constituents of particulate matter from various depths and distances from shore indicate a complex interaction of production. transformation. and destruction of the organic matter contained in sinking particles. Near-surface material contains important contributions of landderived organic matter, presumably of eolian input. Midwater particles have predominantly aquatic organic material of algal origin. At the sediment-water interface, selective suspension of the finer fractions of surfrcial sediments enriches bottom nepheloid layers with these sediment size classes. As a resuit, near-bottom particulate matter has an aquatic biomarker character. Organic matter associated with sinking particles undergoes substantial degradation during passage to the bottom of Lake Michigan. and aquatic components are selectively destroyed relative to terrigenous components.
THE PRODUCTION and destruction of organic matter within natural bodies of water are dynamic processes related to a number of environmental factors-avaiiability of sunlight and dissolved nutrients, water temperature and mixing, and the composition of aquatic biological communities as examples. In general, most of the organic matter present in the upper waters of lakes and oceans originates from aquatic biota; yet. only a small percentage of this material escapes remineralization during sinking (KNAUER and MARTIN, 1981: SUES& 1980: WAKEHAM ef al.. 1980; DEAN, 198 1; LORENZEN et al., I983) and is incorporated in sediments. Moreover, organic materials transported to lakes and oceans from anthropogenic and biological sources on land may behave differently than those of aquatic origins (CL PRAHL et al., 1980) . Selective alteration and destruction of organic matter components within the water column influence the ultimate character of sedimentary organic content and affect the cycling of organic carbon in aquatic systems.
Recent investigations show the importance and complexity of changes affecting particulate organic matter as it sinks to the bottom of oceanic and lacustrine areas. Preferential removal of nitr~enous and phosphorus-containing organic compounds occurs during remineralization of organic matter in the upper water column (SUESS and MOLLER, 1980) . In addition, the small fraction of the original biomass which reaches the sediment-water interface is subject to benthic reworking and renewed degradation prior to permanent burial in the sediments (COBLER and DYMOND, 1980;  * Present address: Cities Service Technology Center, P.O. Box 3908, Tulsa, Oklahoma 74102. al., 1980) . fmportant factors enhancing preservation of sinking organic matter are its incorporation into the fecal pellets ofgrazing zooplankton (F~AHL and CARPENTER, 1979; SUESS, 1980) and its sorption by clay minerah (SUESS and MILLER, 1980) . Such factors speed the transport of degradable compounds from surface waters to the bottom and may decrease their susceptibility to microbial attack.
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Specific indicators of sources of organic matter and of its alteration have been used to investigate the fate of organic matter during its transit to bottom sediments. GAGOSIAN (1976) presents a detailed profile of sterols extracted from water collected at different depths in the Sargasso Sea, and he describes evidence of substantial degradation of some compounds during their sinking. CRISP et af. (1979) employ a number of molecular, elemental, and isotopic biomarkers to distinguish aquatic, terrigenous, and anthropogenic inputs of particulate organic matter to sediment traps at four locations offshore of southern California. PRAHL et al. (1980) show that aquatic organic matter is preferentially remineralized during sinking and at the sedimentwater boundary in Dabob Bay, Washington, and, hence, terrigenous biomarkers dominate sediments of this coastal marine location. coworkers ( 1980, 1982) report preferential losses of lipid components compared to the total organic content of settling particles trapped at four depths in the equatorial Atlantic Ocean.
The results of our earlier study of fatty acid and hydrocarbon compositions of sediment trap material from Lake Michigan ) suggest a complex interaction of different organic inputs, aheration and remineralization processes, as well as nearbottom sediment resuspension. We have expanded our 443 previous investigation to include more indicators of sources and of degradation, and to compare suspended matter from different water depths and sampling locations. This report describes the results of our further study and interprets them in terms of the fate of organic matter in a large lake.
Sampling
Sediment traps consisting of 50 cm X 10 cm Plexiglas cylinders attached to 500 ml polyethylene bottles were positioned at the bottom of the me~imnion (31 to 35 m) and I m above the lake bottom at three sites in Lake Michigan from early June through mid-September, 1978: the water depths of the near-bottom traps were 40 m, 86 m, and 100 m at Stations 6, 7, and 8 respectively. Mercuric chloride was used to retard organic matter losses in sediment trap contents.
Information about sediment trap deployment and efficiencies is given by CHAMBERS and EADIE ( 198 1). Portions of trap contents for organic matter study were freezedried prior to analysis.
Sampies of suspended particulate matter were collected in Juty, 1980, from I m below the water surface. Water samples were filtered through glass fiber filters having a nominal retention size of 1 Fm. Figure 1 shows the locations of the sediment trap sites in relation to suspended particulate matter stations which consisted of one station within the plume of the Grand River (GRP), one nearshore station close to but not within this turbid plume (NS), and one open-lake location 25 km ofFshore (OL). Particulate matter samples were immediately frozen aRer fihering and remained stored at -20°C until analysis
To relate the organic contents of suspended particulate matter and of settling trap material to that of Lake Michigan sediment, a Ponar grab sample was obtained at Station 8 (Fig. I ). This sample, representing the top 10 cm of lake sediment, was collected in July 1980 and kept frozen until analysis. It was freeze-dried prior to extraction.
Analysis
A two-stage extraction procedure was used on all suspended matter, sediment traps, and sediment samples. Soxhfet extraction with toluene/methanol yielded the easily extracted fraction of organic materials. hereafter denoted as unbound A second extraction with 1.5 N KOH in methanol/toluenc provided the hydrolyzable, "bound" fraction of organic corn ponents. Both fractions were treated with methan~l~~ boron trifluoride to convert fatty acids to thetr methyl esters. and then lipid subfractions were separated hy column chromatography on silica gel. The fractions so obtained contained alkanes and aikenes, aromatic hydrocarbons. fatty acid methyl esters. and hydroxy lipids, including sterols and alkanois. Hpdroxy compounds were silyiated with BSTFA prior tc) anatl;sis.
Splitless injection gas-liquid chromatography was employed to determine the type-s and amounts of compounds present in the lipid subfractions. A Hewlett-Packard 5830 FID gas chromatogmph equipped with either a 10 m SP2 i 00 or :\ IO m SE54 glass capillary column was used with hydrogen as carrier gas. Quantification was accomplished through the USA of known amounts of internal standards added to each un., bound and bound sample prior to its alkaline hydrolysis. individual compounds were identified by retention rimes and by GC-MS analysis of representative sampies with a Finnigan 1015 mass spectrometer interfaced with a Varian t400 gas chromatograph. LEENHEER (1981) provides full details of rhc analytical methods and describes the development nfthe procedures used in this study.
RESULTS AND DISCWSSION
Results of organic matter analyses of the sudlmeni trap contents are summarized in Table i In most cases, concentrations of the unbound material released by Soxhtet extraction exceed those of the co~es~~ndin~ bound fraction. The only exceptions occur tn the h> drocarbon fractions from the shallower traps at Stations 6 and 7. Generally, fatty acid. alkanol, and sterol fi-ac-. tions show higher ~oncent~tions of un~und contents relative to bound in the shallower traps than in the near-bottom ones; but, for the alcohols, the ratio IS less than that found for the fatty acids. and is less consistent, ~ydro~ar~n concentrations~ in contrast, have lower unbound-to-bound ratios in the contents of shallower traps than in the deep ones. for river mouth, nearshore, and open lake locations in Lake Michigan. Highest concentrations of extractable lipids occur in the river plume materials and accompany their higher TOC value. The nearshore and offshore particulates have substantially lower lipid concentmtions than found at the river mouth location, and there appears to be an inverse relationship between unbound lipid concentmtions and TOC Concentrations of each lipid subfraction from extracts of suspended particulate matter are consistently higher in the unbound than in the bound portions. In comparison to the sediment trap samples. the ratio of unbound to bound components of each lipid class is generally greater in these suspended matter samples. The values from the offshore stations offer the best compa~~n, coming from nearly the same location. For hydrocarbons, the unbound/bound ratio is 11.3 for suspended matter, 2.9 for the shallow trap sample, and 20.6 for the near-bottom trap. Corresponding values for alkanols are 11 .O, 5.5, and 4.9, and for sterots 15.0, 2.9. and 6.2, respectively.
The results of analysis of the surhcial sediment sample from Station 8 are summarized in Table 3 . The ratios of unbound-t~~und materials are 1.4 for fatty acids, 4.9 for hydrocarbons, and 6.2 for alkanols, and continue the trend of decreasing ratios with greater depth seen in the sediment trap data (Table 1) . Concentrations of the lipid fractions are su~~nti~iy fower than those of the sediment trap materials in Table 1 , perhaps as a result of dilution of organic content by the bulk mineral content of the top 10 cm of sediments. This effect is also evident from the TOC value of 14 mg/g for the surticial sediment, which contrasts with the near-bottom sediment trap values of 34 to 41 mg/g.
The information provided by analysis of the sediment trap contents and of the suspended sediment In material collected in the shallower traps, concentrations of total organic carbon and of total lipid fractions generally increase with distance from land. Exceptions to the general increase are found in concentrations of bound hydrocarbons, which are highest, and of unbound sterols, which are lowest, at Station 7 above the base of the lake bottom slope.
The deep traps, positioned I m off the bottom, contain lower concentmtions of total organic carbon and of total lipid class materials than do the shallower traps. Organic carbon concentrations change little between the three locations in contrast to lipid components. Hydr~ar~n values progressively decrease with distance from shore and increasing water depth, but the lowest concentrations of the other three lipid classes exist in the deep trap contents of Station 7. Table 2 gives the concentmtions of organic constituents in suspended particulate matter collected in the plume at the mouth of the Grand River, in the nearshore zone of Lake Michigan, and offshore close to sediment trap Station 8 (see Fig. 1 ). These values are expressed in units of mass per water volume in order to compare the relative amounts of organic material present in the three different lake environments. The amount of organic matter, measured as total organic carbon, is highest in the river plume and about equal at both the nearshore and offshore locations, consistent with earlier results (MEYERS et al., 198 1) ' samples forms the basis for addressing four main questions concerning organic matter cycling in large lake environments:
1. What are the important sources of sedimenting organic matter in Lake Michigan?
2. What are the effects ofdegradative processes upon the quantity and character of organic materials sinking through the water column?
3. What are the major transport and dist~bution processes responsible for the organic matter patterns which are found?
4. What relationships exist between the settling organic matter and that which becomes incorporated within the lake bottom?
Organic malter sotirce~
Biofogicai origins of organic matter can often be inferred from elemental and molecular constitutions. The atomic C/N ratio of marine plankton is about 6 (MOLLER, 1977), whereas this ratio in land-derived organic debris ranges between I? and f4 (PRAHL ctf al., 1980). Two phytoplankton species common to Lake Michigan have C/N values of 7.5 and 8.6, while a soil sample and several land plants give ratios between 16 and 45 (~uRBo~~IER~.
1979). The differences between aquatic and tenigenous eiemental compositions reflect the presence of nitrogen-poor cellulose and lignin in land plants and can be used as indicators of the origins of bulk organic matrer. The C/N ratios of the sediment trap materials (Table I ) are between 7 and 10, indicating a large proportion of aquatic organic matter. The near-bottom traps appear to contain slightly greater aquatic contributions than do the shallower traps. Particulate organic matter in the plume of the Grand River ( (1978) . Among the straight-chain compounds, odd-chain-length CZ-I-C,I n-alkanes and even~hain-length C2t-C30 n-alkanoic acids and to-alkanols imply terrigenous sources. Evidence of aquatic sources is not so easily found because man) compounds present in aquatic organisms also IKCUI in land plants, yet C,2-C20 n-alkanes appear to give good indications of aquatic origin. Among these hydrocarbons. n-heptadecane is particularly useful air an tw dicator of planktonic contributions (cf: CIGER c?f ui.. 1980). In addition, the relative dominance ofC.'lT sterols tn aquatic organisms and of CZs sterols in iand plants can be used to distinguish sources of lipid matter m young sediments (HUANG and MEINSCHEI'~, 1976.
1979; NISHIM~~
and KOYAMA. 1977: LL~:NHEER. 1981).
As shown in Figs. 2 and 3. aquatic components dominate many of the lipid distributions found in the sediment trap sampies. The relative cont~but~(~ns of shorter-chain and long-chain n-alkanoic acids and ~2,. aikanols are indicated by the respective C,hjC"lb values in Table I . Land-plant CZ6 components are virtually absent in the shallower traps in both the unbound and bound lipid factions. In samples from the near-bottom traps, the C16/C26 ratio of fatty acids in both tiactions becomes larger as the distance from land becomes greater, but never equals the strong aquatic character found in the shallower traps. The alkanoic acid content of settling matter in Lake Michigan evidently has an aquatic origin which becomes relatively more important farther from potential terrigenous contributions and is most noticeable close to the bottom of the zone of phytoplankton production (i.e., just below Ihe epilimnion). The C16/CZ6 n-alkanol ratios in Ihe nearbottom traps decrease away from land, indicating a greater relative terrigenous cont~bution. At the same time, concentrations of alkanois decrease. l'he combination of these two changes suggests preferential degradation of aquatic components of the alkanot fraction.
In comparison to those of n-alkanoic acids and rralkanols, the distributions of sterols are not so strongly dominated by aquatic components ( Table I ) . [inbound sterol fractions in the shallower samples have an ohvious lake-derived character which decreases away from land. In the near-bottom traps, the C2,/C1? steroi ratios show nearly equal amounts of aquatic and terrigenous components at alI locations. The bound fractions of sterols usually contain somewhat more iandderived than lake-derived materials. The general picture that emerges from these data is that sterols are synthesized by aquatic sources most actively in the nearshore zone of I.&e Michigan and that lake-derived compounds are degraded in the water column faster than are land-derived sterols. Distributions of n-alkanes in sediment trap material are similar to those of the acids, alkanois, and sterols in being aquatic in character, but different with respect to comparison of the epilimnion and near-bottom samples. The unbound Cr7/C2s n-aikane ratios of the shallower traps indicate about equal contributions of lake and land hydrocarbons. The bound fractions have high Cr7/Cr9 ratios. These values may result from hydrolysis of intact algal cells not extracted fully by the Soxhlet procedure. Near-bottom samples have relatively hrgh C,,/C& values in the unbound fractions. Unlike the other lipid classes, the unbound n-alkanes show a stronger aquatic character in the near-bottom trap material than in the contents of the shallower traps. These hydrocarbons evidently are subject to different processes that act upon them during settling of particulate material.
An additional factor important to the n-alkane distributions in the 35 m sediment trap contents is the possible presence of petroleum hydrocarbons. Figure  2 shows a broad dist~bution of unbound n-alkanes from Cz, to CJI in the shallow trap from Station 8, but a very different picture is present in Fig. 3 from the deep trap. In addition, an unresolved complex mixture &CM) was present under the resolved hydrocarbon peaks in the 35 m extracts. Combination of a broad and fairly uniform n-alkane distribution and a UCM has been considered good evidence of weathered petroleum hydrocarbons in environmental samples (WAKEHAM and CARPENTER, 1976; FAR-RINGTON and TRIPP, 1977) . Their absence in the nearbottom traps is curious and suggests selectivity in the downward transport of organic materials.
Because aquatic components are major constituents of the lipid compositions of the sediment trap contents, we expected them to be dominant in the suspended particulate material collected at a water depth of I m. As Fig. 4 ponents are equally or more important relative to aquatic components in both the sterol and n-alkane compositions. The n-alkanol C,,/C,, ratios (Table 2) show somewhat more aquatic than terrigenous material, but not as much as found in shallower sediment trap contents (Table 1 ). In general. hydrocarbon and sterol contents indicate a slight pr~ominan~ of landderived components, while n-alkanols show greater aquatic inputs. These source pictures are in marked contrast to the fatty acid compositions of suspended particulate matter from a depth of 1 m in Lake Michigan (MEYERS and OWEN, I980) which show fatty acid distributions dominated by C,,. C,,, and Cu, components typical of aquatic sources and lacking significant long-chain tenigenous components. Suspended particles in the near-surface waters of Lake Michigan apparently have different mixtures of lipid sources than do the sinking particles intercepted by sediment traps. dilution of settling particles with resuspended scdlments of lower organic matter content. because sediment traps located close to the bottom are known to intercept much resuspended material (PLA-u, i 979; CHAMBERS and EADIE, 1981). If the concentrations of organic carbon in the nearbottom traps are expressed as percentages of their 35 m counterparts. a depthrelated pattern emerges. From shallowest to deepest. these values are 30%, 15%, and 8%. and suggest that organic matter destruction in Lake Michigan is linked to sinking time as also observed in marine locations (HINGA et al.. 1979; SUE% 1980 ; KNAUER and MAK-TIN, 198 I: LORENZEN et al.. 1983 ). An additional possibility is that Iaterai transport is important for the near-bottom materials, and distance from land sources of organic matter is thus important. Comparison of" the character of sediment trap organic contents can help resolve the question of dilution as opposed to destruction.
Organic matter alteration and degradation
According to the overall organic carbon budget compiled for Lake Michigan by ANDREN and STRAND f I98 1 ), nearfy ail of the organic matter within the lake waters originates from aquatic primary production: only 5% of the total reaches the lake by the combination of fluvial and eolian transport. Most of this organic matter is evidently degraded within the lake, because the major removal processes, sedimentation and outflow of water, remove only 4% and 0.5%. respectively, of the total input. Similar extensive organic matter degradation occurs in the upper water column of the oceans (L~XENZEN et al.. 1983; KNAUER and MARTIN, 198 1; SUES& 1980; SUESS and MILLER, 1980; BISHOP et al., 1978) and accompanies the sinking of detritus.
Some of the differences in hpid source character of the sediment trap contents and particulate matter noted in the previous section give evidence of a complex interaction of production, m~i~~tion, and degradation of organic matter within the waters of Lake Michigan. Further evidence of the complexity of these processes is provided in Table 4 , in which concentrations of lipid extracts are related to orgamc carbon contents. The highest contributions of unbound lipids to total organic matter are generally in the upper sed+ iment traps; the lowest are in the suspended matter and in the surface sediments. Relative amounts of lipids generaliy are much less in the near-bottom sediment traps than in the upper ones, although the contributions of bound fatty acids to total organic content become larger with greater water depth. The organic carbon con~nt~tions in Table 1 are The decreases in absolute concentrations of organic much lower in near-bottom sediment traps than in carbon and of the lipid classes shown in Table 1 rethose at 35 m water depth, probably as a result of semble those found in sediment traps in progressivelv al., 1983) and indicate an overall decom~~tion of organic matter. Decreases with depth in the amounts of Iipids relative to organic contents of marine sediment traps has been interpreted by WAKEHAM et al. ( 1980) as evidence of preferential degradation of lipid components of sinking organic matter. Similar patterns appear in the contents of Lake Michigan traps summarized in Table 4 .
The changes in lipid compositions between the 35 m and 100 m traps at Station 8 (Figs. 2 and 3 ) suggest greater losses of aquatic than of terrigenous components. Straight-chain alcohols are dominated by Cl6 in the shallower trap but by longer-chain homologs in the near-bottom location. At the same time, cholesterol is the only sterol present in significant quantity in the 35 m trap. This CZ7 sterol, plus the dominance of shorter-chain-length alkanols, indicates a strong algal character of alcohols in the shallower trap material. The contents of the deep trap are dominated by land plant n-alkanols and also have large contributions of land-derived Cz9 sterols. Similar contrasts in alcohol source character exist in Table I at all three sediment trap locations. Because these changes accompany decreases in total alcohol concentrations per weight of sediment as well as relative to organic carbon content, they appear to result from the overall breakdown of organic matter during settling. This process evidently impacts aquatic alcohols more than their land-derived homologs.
In contrast to the alcohol fractions, the fatty acid fractions of sediment trap contents are dominated by shorter chain autochthonous components in both 35 m and 100 m traps (Figs. 2 and 3) . Some contributions of longer chain acids become noticeable in the nearbottom dist~butions, but these are not large. The presence of significant amounts of unsaturated acids (mostly palmitoleic and oleic) suggests recent biosynthesis of fatty acids, because unsaturated acids are rap idly metabolized in sedimentary environments @HEAD et al., 197 1; CRANWELL, 198 1). As concluded by MEY-ERS et al. (1980) , the similarity of fatty acid compositions at three water depths in Lake Michigan, combined with decreases in concentrations with greater depths, suggests that microbial synthesis of fatty acids accompanies the degradation of sinking organic matter. Such continuing formation may explain why the fatty acid contributions to organic carbon in Table 4 do not decrease as much as do those of hydrocarbons, nalkanols, and sterols-lipid classes which usually are more resistant to degradation than are acids (cf: CRANWELL, 198 1; LEENHEER, 198 1).
Differences exist between the ratios of pristane-toheptadecane and phytane-to-octadecane in the 35 m and near-bottom hydrocarbon contents of the sediment traps. Figures 2 and 3 show higher amounts of isoprenoid hydrocarbons relative to n-aikanes in the unbound extracts from Station 8. Microbial degradation preferentially removes stmi~t~hain hydrocarbons (BLUMER and SASS, 1972) relative to branched hydrocarbons; hence, these differences are not due to degradation. Instead, the dominant sources of the hydrocarbon components in the shallow and deep traps may not be the same.
Organic matter transport and distribution
Organic matter can be carried to locations on the bottom of Lake Michigan by both vertical and lateral transport. HINGA ~6 al. (1979) discuss the vertical processes which result in accumulation of organic substances in the deep sea floor. The downward flux of particles, mostly as fecal pellets, is augmented by sinking of plant and animal debris. In addition, vertical migration of animals can transport organic matter from upper waters to deeper waters where undigested material is excreted. At and near the seafloor, organisms metabolize organic matter, thus diminishing the amount that survives to become incorporated into the bottom. The same set of vertical processes may operate in Lake Michigan. Lateral transport of sediment partides is not we11 documented in the Great takes. but can be inferred from distributions of suspended particles and from patterns of sediment accumulation. in Lake Michigan. high concentrations of suspended materials are found in two depth zones-one in the region of the thermocline and another near the lake bottom (CHAMBERS and EADIE, 1981; HARRSCH and REA. 1982) . Sedimentation rates in southeastern Lake Michi~n are greatest near the base of shore sIope (ROBBINS and EDGINGTON, 1975) . rather than in the deepest basins.
Comparison of sediment mass accumulation rates in near-bottom sediment traps with long-term sedimentation rates commonly shows su~~ntiaily more material accumulating in the traps than in the bottoms ofthe Great Lakes (CHARLTON. 1975; CHAMBERS and EADIE, 198 I), suggesting that much sediment resuspension occurs, which enhances op~~unities for sediment lateral transport before permanent deposition. During such transport, selective settling of organic particles is possible (c$ DAVIS and BRUBAKER, 19731.
Differences in lipid com~sitions suggest that the organic matter contents of suspended partic& in nearsurface waters, at a water depth of 35 m, and near the water-sediment boundary are not the same. Part of the differences may be due to setective degradation, but origin and transport to the respective locations in Lake Michigan seem to be important for some of the differences in organic matter character.
Organic matter associated with suspended particles collected from a water depth of 1 m has a strong terrigenous lipid character in river mouth, neat-shore, and open lake locations (Table 2) . Because the 1 m sampling depth is above the zone of maximum ph~oplankton growth in Lake Michigan (STADELMAN ef al., 1974; TARAPCHAK, pets. commun.) , aquatic components are not abundant. The unbound hydrocarbon distributions in Fig. 4 contain targe cont~butions of the Cz7, C29. and Cst n-atkanes which dominate hydrocarbon compositions of Midwest rain and snow (MEYERS and HITES, 1982) . Airborne particles from land with associated land plant material may. hence, comprise an important fraction of the suspended particulate matter near the surface of Lake Michigan.
Deeper in the water, aquatic biomarker distributions dominate the character of organic matter (Table 1, Fig. 2) . The 3.5 m sediment traps were positioned in the region of high concentrations of suspended material which coincides with the base of the summer thermocline (HARRSCH and REA, 1982) . Because this region of decreasing water tern~~tu~ with greater depth is also the boundary between less-dense epilimnion waters and denser and more viscous hypolimnion waters, an increased concentration of suspended particles is not unusual.
Hydrocarbon distributions in the 35 m sediment traps contain evidence of weathered petroleum, but distributions in the near-bottom traps lack these components. These hydrocarbons should be relatively rc sistant to further degradation. Their absence indicates that the particles with which they are associated do not sink into the deeper waters of Lake Michigan and is evidence for segregation of organic mater&s on the basis of density differences and selecttvt* sinking through the water column.
The organic contents of sediment trap samples and of smiicia1 sediment from Station X differ. ("oncerr trations of total organic carbon and of each lipid class are lower in bottom sediments (Table 3 ) than in the sediment trap material (Table 1) . even in the contents of the trap I m above the lake bottom in which up to 90% of the trapped material can be resuspended bottom sediment (MEYERS d ai., 1980: ~~~.~RI~~~~ and EADIE, I98 1).
Two factors may help expiain the important differences in organic matter concentrations between near-bottom traps and lake sediments. First. resuspended sediment colIected by near~ttom traps may contain a greater proportion of fine-grain-sized, more easily resuspended particles than does the lake bottom. Because organic matter concentrations are commonly greater in finer-sized sediments than in coarse ones (cf: BORDOVSKIY, 1965). resuspended materiaf would be enriched in organic constituents relative to nonsuspended, coarse fractions. Selective resuspension of fine-sized marine sediments has been suggested as a reason for trace metal enrichments in bottom nepheioid layers in the Pacific Ucean (BAKER and FEE~.Y. 1978) . Similar size-dependent effects could occur in organic components of sediments. Temporary resuspension of organic-carbon-rich, fine-sized sediment particles may help explain the observation that surhcial sediments in lakes often have lower organic carbon concentrations than do sediments a few centimeters deeper (MATSUDA, 1978; REA et al.. 1980 ; LEENHEER, I98 1). The deeper burial may be adequate to prevent selective winnowing of smah particles by water turbulence. The second factor involves destruction of organic matter at the water-sediment interface as inferred from comparisons of organic contents of sediment traps and underlying sediments (COBLER and DYMOND, 1980; PRAHL et al., 1980) . Microbial metabolism of' sedimented organic matter may help account for the differences in concentrations ofTOC and lipid fractions observed at Station 8 in Lake Michigan.
Lipid biomarkers also differ between the sediment trap samples and the und~I~ng sediment at Station 8. In general, the geolipid composition of surticial sediment (Table 3) has less of an aquatic character than does the content of either the 35 m or the IO0 nt sediment trap {Table 1 f. Factors affecting organic matter concentrations can also influence organic composition. For exampIe. THOMPSON and F<;t.t~?n~ (1978) examined lipid contents of five size fractions of sediment from an English lake. Highest concentrations of fatty acids and hydrocarbons were found associated with the smallest size Fraction. Relative abundance of Cr6 to C2e n-alkanes indicative of algal origin became progressively greater in smaller-sized sediment fractions. The greater aquatic character of hydrocarbons in the near-bottom sediment trap at Station 8 (C,7/C29 = 5.3, Table 1 ) as compared to those in underlying bottom sediments (C,$& = 0.7, Table 3 ) may result from selective resuspension of smaller particles. Degradation of organic matter at the benthic boundary can aiso affect the distribution of biomarkers. PRAHL et al. (1980) conclude from measurements of hydrocarbon fluxes in sediment traps and surface sediments of Dabob Bay, Washington, that aquatic materials degrade more rapidly at the water-sediment interface than do terrigenous components. As a result, hydrocarbon distributions in bottom sediments differ from those in settling particles in confining predominandy land-derived longchain n-alkanes.
While the types of organic matter in sediment traps and in the bottom of Lake Michigan differ, the character of suspended particuiates in the river-plume station ( Table 2 ) closely resembles that of the surficial sediments (Table 3) . Although it is tempting to suggest that the suspended materials brought to the lake by the river flow travel to deep parts of the lake as some sort of near-bottom density flow, CHAMBERS and EADIE ( 198 1) find no evidence of an important fluvial contribution to the near-bottom nepheloid layer in Lake Michigan. The similarities in biomarkers of the rivermouth and surhcial sediment samples, however, do indicate the importance of terrigenous contributions to surftcial sediments.
CONTUSIONS
Differences in the amount and types of geolipids present in particulate matter found at various depths and locations in Lake Michi~n suggest a complex interplay of organic matter production, alteration, and destruction which accompanies the settling of sediment particles through the water. Some of the elements of this interplay are generalized as:
1. Suspended patticulates in the top meter of the open-lake waters contain a major component of terrigenous lipid matter brought to these locations, presumably by eolian transport.
2. Settling particles in the metalimnion contain predominantly aquatic lipid matter.
3. Organic matter associated with sinking particles undergoes substantial degradation during sedimentation in Lake Michigan. Aquatic lipid components are selectively destroyed relative to the terrigenous components of this organic material. 4. Petroleum hydrocarbons are associated with particles collected in sediment traps in the metaiimnion but not with shallower or deeper particles, evidently as a result of density segregation of settling particles.
5. Resuspension of surhcial sediments causes selective removal of finer fractions from the lake bottom and corresponding enrichment of bottom nepheloid layers with these sediment size classes. Because aquatic lipid matter is preferentially associated with the fine fractions, nepheloid particulate matter has an aquatic biomarker character, whereas bottom sediments have a terrigenous character.
